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ABSTRACT 
Assessment of bioeconomic indicators of Ateleia cubensis (DC) Dietr. for production with ruminants was made, 
on ferromagnesium brown-red fersialitic soils of ultramafic savannahs in Camaguey, Cuba. The bioeconomic effect 
was simulated with a dual-purpose production system oriented to milk sales as the main product, on land covering 35 
ha. The creation of a protein bank is recommended in the area, using A. cubensis (DC) Dietr, on 15% of the total 
farm area. To simulate milk production response, feed balances were performed, all based on likely grass consump-
tion and feeds used, according to their nutritional quality. The budget was portioned for analysis to determine plant 
suitability for protein banks. Feasibility of the plant as a local source of protein for cattle was demonstrated through a 
bioeconomic perspective.  
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INTRODUCTION  
A management alternative that can be assessed 
through simulation is a protein bank with a unique 
plant species rich in protein. It could be used in 
controlled grazing, or may be harvested by cut-
ting, allowing a possible productive response 
(Triana et al, 2012).  
The use of local nutritional resources for a more 
sustainable animal production is essential. Many 
of those resources are sometimes called non-
conventional, and need assessment for more effi-
cient use in the animal diet (Pedraza et al., 2011).  
One strategy to recover and improve livestock 
systems, and deal with climatic change, is the es-
tablishment of forest-grazing systems (FGS), 
some sort of agroforestry, in which trees and/or 
shrubs interact with forage herbaceous plants and 
animals (Karki and Goodman, 2010). In that case, 
there is not enough information of bioeconomic 
indicators about effective use of Ateleia cubensis 
(DC) Dietr. for dairy production in the region. It 
is an interesting fact, considering  that the species 
is an important native resource to set up forest-
grazing systems, and that it can be used as a nutri-
tional supplement for bovines, ovines and caprine 
that graze in the area. 
The aim of this research was to assess the bioe-
conomic indicators of Ateleia cubensis (DC) 
Dietr. for ruminant, on ferromagnesium brown-
red fersialitic soils of ultramafic savannahs in 
Camaguey, Cuba.  
MATERIALS AND METHODS 
The study was developed at the UBPC Finca 
Habana, from the Livestock Company in Minas, 
Camaguey, Cuba, located between 21º28’50” and 
21º29’15” north latitude, and 77º39’50” and 
77º40’20” west longitude, 80 m above sea level.  
The experimental work was done on red-brown 
ferromagnesial fersialitic soil, according to trial 
pits 759 and 760, located in San Serapio Charts, 4 
680 IIa, scale 1:25 000 (Hernández et al., 1999). 
The soils are characterized by a fairly acidic pH 
and low fertility.  
The climate is humid tropical, from inland 
plains, with seasonal humidity and high evapora-
tion (Rivero, 2010).  
Fabaceae cubensis (DC) Dietr. (endemic to Cu-
ba) was used in the study. It grows in ultramafic 
systems in Camaguey, and has been well accepted 
by ruminants (30 - 48%) (Loyola, 2011).  
The bioeconomic effects produced by the new 
protein banks (PB) was simulated with A.  cu-
bensis in dual-purpose cattle systems, in Ca-
magueyan ultramafic savannahs. The scenario 
used was a farm with dual-purpose animals for 
dairy production.   
It comprises 35 ha of native grass, on ultramafic 
savanna soils, with predominance of graminaceae 
(Sporobolus pyramidatus (lam.), Dichanthium 
caricosum (L.), Dichanthium annulatum (Forsk.), 
and others). Also included were crawling leg-
umes, undesirable plants, and 12% infestation 
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with Dichrostachys cinerea (L.) Wight et Arm. 
The farm was enclosed with a perimetric fence, 
and included two grazing fields and stocking rate 
of 0.87 LU/ha, as well as a stable source of water 
for the herds and farm work.  
The herd was made of 30 heads of Cuban 
Siboney crossbreds (24.0 LU) (5/8 Holstein x 3/8 
Zebu), weighing 380 kg of LW (18 cows, 6 heif-
ers, 3, young cows, and 3 calves). The milking 
cows accounted for 48%. Milk production was 2.7 
and 2.3 kg/cow/day for the rainy and dry seasons 
(RS and DS), respectively, according to data pro-
vided by the livestock company of Minas. The an-
imals had 4.0 % of fat, from non-supplemented 
native grass. Milking was manual, and a system 
for restricted herd milking was used. Animal 
management requirements were taken from farm 
averages. 
The creation of a protein bank was recommend-
ed, using controlled grazing of A. cubensis in 15% 
of the farm area (5.25 ha), considering a first 
stage exclusively for milking cows. Gamic or bo-
tanical seeds were used for the legume plants, in 
furrows, at a distance of 2.0 x 0.50 m. The area 
comprising the protein bank was enclosed with a 
fence covering the perimeter, and splitting the 
field in two similar subareas. After plant growth 
(7-8 months), the animals were introduced in the 
area, ensuring 45 resting days in each sub area, 
during the rainy season, and 60 days in the dry 
season, thus guaranteeing seven occupations in 
the year. The animals were taken to the protein 
bank (PB) at the end of the morning milking, and 
stayed there for 2h. Then they were taken back to 
the grazing fields along with the herd.  
Individual forage consumption needs were es-
timated at a ratio of 11.4 kg/DM/LU/day (3% 
LW), considering LU as having 380 kg of LW, 
and RS/DS duration of 155/210 days, respective-
ly. The PB could provide up to 3.0 kg of DM of 
Ateleia/day, according to previous research using 
PB of tree-like legumes (Pérez Infante, 2010).  
Annual yields of Ateleia were based on experi-
mental results from Loyola (2011), on the species 
yield for these kinds of ecosystems, determined in 
a three-year study. The bromatological composi-
tion of grasslands is shown in Table 1. To simu-
late milk production response, feed balances were 
performed (CALRAC, version 1.0, 1996), all 
based on likely grass consumption, and the kinds 
of feeds used, according to their nutritional quali-
ty. The consumption values were assigned accord-
ing to recommendations of Pérez Infante (1983) 
on available grass consumption in the grazing 
fields. 
Economic analysis of the proposal for nutri-
tional improvement  
To estimate economic feasibility of the assessed 
proposal application, Initial Budget Analysis 
(IBA) was used to determine the Net Profit 
Change (NPC) (Luening, 1996).  
NPC= (TIT + PCT) - (LIT + PTC)  
Where, 
TIT: Total income /Technology  
PCT: Prevented costs /Technology  
LI: Lost income /Technology 
PTC: Proposed technology costs 
RESULTS AND DISCUSSION 
Bioeconomic response of A. cubensis in the pro-
tein bank for dual cattle systems in the region 
According to nutrient contribution and perspec-
tive animal requirements, Table 2, a protein bank 
of Ateleia on 15% of the farm area, would lead to 
milk production of 4.5 and 3 kg/cow/day. These 
production levels are given, mainly, by the nutri-
ent contribution of the legume, and are limited by 
the low availability and quality of native grass in 
the area, which hinder voluntary consumption by 
cattle (Acosta, 2003).  
The production levels at the protein bank pro-
posal reached 1.8 and 0.7 kg of milk/cow/day dur-
ing these periods, above the total real production 
in the area studied. It suggests possible production 
improvements of cattle systems by using Ateleia. 
It is a locally available resource, which is not 
properly exploited today. These results are even 
more significant, considering the introduction of 
other legumes or improved graminaceae in the re-
gion, which is extremely difficult and costly, due 
to the edaphic limitations of  the area.  
Other additional benefits of legumes use are 
wood production for cooking, atmospheric carbon 
retention services, soil fertility improvements 
from dry leaves (Loyola, 2011). Though in Cuba 
these services do not have acceptable economic 
recognition (Zequeira et al., 2010), they are an 
important contribution to sustainability of the 
productive systems studied.  
However, that response was not achieved until 
the bank was used, 9-10 months after establishing. 
During that stage, it was possible to make bean 
productions in fields shared with other crops, like 
Sesamum indicum (sesame), Vignas, and others. 
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They could cushion the expenses made during the 
creation of the protein bank. This possibility has 
been demonstrated in studies by Díaz and Padilla 
(2003), and it is a very convenient practice, be-
cause, aside from contributing to farm income in-
crease, it can also guarantee agricultural labor to 
legumes for the first 120 days of plantation 
(Febles et al., 2003).   
The importance of Ateleia cubensis for these 
agroecosystems is obvious. It is remarkable in 
terms of production, with an outstanding effect on 
natural fertility recovery and soil protection, as 
well as improvements in associated grass availa-
bility and nutritional quality. These aspects will 
have a positive impact on livestock production, by 
making efficient use of natural potentials, includ-
ing ensuing economic advantages and possible 
improvements in milk and meat productions.  
Moreover, the initial economic impact of any 
investment after year 0 (the period when the in-
vestment is implemented), is often crucial to 
farmer acceptance of technology and other related 
factors involved in production (Soto, 2010). 
Hence, a positive effect on the results will repre-
sent and edge when deciding on technology in-
vestment. In this particular case, the introduction 
of Ateleia led to a positive change in profits, ac-
cording to the partial budget analysis in Table 3, 
which suggests economic convenience of imple-
mentation. 
Legumes have demonstrated the possibility to 
reach high milk productions and increased live 
weight gains, by becoming a part of livestock sys-
tems. Besides, it is an effective way to achieve 
significant increases of herd production and re-
production (Díaz et al., 2012).  
However, the success brought by introducing 
foreign germplasm on ultramafic soil ecosystems, 
has been limited by adaptation difficulties of spe-
cies to edaphic conditions (Acosta, 2003 and 
Curbelo, 2004). Using endemic or natured vegeta-
tion would be very convenient in these ecosys-
tems, particularly legumes. They can be used for 
animal nutrition, and can provide several envi-
ronmental services (Loyola, 2011). In that sense, 
flower prospection in the region has indicated the 
presence of several legume species with forage 
potential, including Ateleia.  
Paciullo et al. (2014) demonstrated that foster-
ing forage legumes that proliferate spontaneously 
in livestock areas might help recover natural 
flower features, particularly if the species have a 
convenient productive potential, depending on 
adaptation and association capacities, according 
to the production system used. It would provide 
more balanced grass-based nutrition, regardless of 
animal management and low inputs in the grazing 
fields.  
Apart from direct economic benefits, one im-
portant effect of these associations would be an 
increase in production of agroecosystems which 
could contribute to stabilization of local inhabit-
ants and the return of previous farmers who had 
migrated to urban areas. It could help solve coun-
tryside migration problems and the absence of 
farmers (Guevara et al., 2002).  
CONCLUSIONS 
Milk production was increased by using Ateleia 
cubensis (DC) Dietr. in the two seasons; NPC was 
also positive. Ateleia cubensis proved its effec-
tiveness in protein banks created in ultramafic sa-
vannahs of Camaguey. 
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Table 1  Bromatological composition of feeds used for simulation (SB) 
Feed      DM  ME    
(Mcal/kg DM) 
BP 
  (g/kg DM) 
  IC 
Native grass RS   28.6 2.04 61.3 0.96 
Native grass DS     32.1 1.8 53.1 0.84 
A. cubensis (RS) 30.0 2.2 205.0 0.92 
A. cubensis (DS) 31.5 2.0 199.0 0.93 
Source: Loyola (2011).  
 
Table 2. Nutritional balance estimated for 380 kg LU, in production conditions, using an 
A. cubensis protein bank on 15 % of farm area 
Period    
 Consumption  
(kg DM) 
   EM 
(Mcal) 
BP 
(g/kg DM) 
RSa 
Grass     5.72 10.90 351.00 
Ateleia 2.40 5.30 492.00 
Supplementation     0.05 0.10 12.00 
Total 8.17 16.20 855.00 
Demands   19.60 691.00 
Difference    -3.40 164.00 
DSb 
Grass     4.81 8.70 256.00 
Ateleia 1.89 3.80 376.00 
Supplementation     0.05 0.10 12.00 
Total 6.75 12.50 644.00 
Demands   18.00 572.00 
Difference    -5.40 73.00 
  
a estimated milk production: 4.5 kg/cow/day, 4% fat.  
b Estimated milk production: 3.0kg/cow/day, 4% fat  
Dry matter values of A. cubensis and native grass were estimated, based on Loyola (2011), in the same 
ecosystem.  
 
Table 3. Partial budget analysis (PBA) for A. cubensis protein bank in dual-purpose animals on ul-
tramafic soils covering 15% of the farm area  
Elements   Technology costs 
(CUP)  
Technology income 
(CUP)  
Fences (salary, wire, nails, stakes)  14 250.00 
- Sowing (soil prepraration and salary) per ha  294.00 
Establishment (grass cutting)   180.00 
Milk sales    - 15 336.00 
Total 14 724.00 15 336.00 
CNU 612.00 
 
